We consider the problem of blood flow in an artery and in the presence of an overlapping stenosis, which is also assumed to have an axisymmetric shape. The blood flow in the arterial tube is assumed to be a suspension of red cells in plasma. The present formulation makes use of the variable fluid viscosity modeling that takes into account the amount of red cells in the blood fluid flow system. Using both analytical and computational methods, we determined and calculated the expressions for various quantities such as the axial flow velocity, pressure gradient, pressure drop, impedance, shear stress at the throats and at the critical height. We investigated, in particular, the effects of the hematocrit and constriction due the red cells-plasma combination of the variable blood viscosity and the height of the stenosis on these quantities.
Introduction
Diseases in the blood vessels and in the heart, such as heart attacks and strokes, are the major causes of mortality worldwide. The underlying cause for these events is the formation of lesions, known as atherosclerosis. These lesions and plaques can grow and occlude the artery and hence prevent blood supply to the distal bed. Plaques with calcium in them can also rupture and initiate the formation of blood clots (thrombus). The clots can form as emboli and occlude the smaller vessels that can also result in interruption of blood supply to the distal bed. Plaques formed in coronary arteries can lead to heart attacks and clots in the cerebral circulation can result in a stroke. There are a number of risk factors for the presence of atherosclerotic lesions. The common sites for the formation and development of atherosclerosis include the coronary arteries, the branching of the subclavian and common carotids in the aortic arch, the bifurcation of the common carotid to internal and external carotids especially in the carotid sinus region distal to the bifurcation, the renal arterial branching in the descending aorta and in the ileofemoral bifurcations of the descending aorta. The common feature in the location for the development of the lesion is the presence of curvature, branching, and bifurcation present in these sites. The fluid dynamics at these sites can be anticipated to be vastly different from other segments of the arteries that are relatively straight and devoid of any branching segments. Hence, several investigators have attempted to link the fluid dynamically induced stress with the formation of atherosclerotic lesions in the human circulation. By assuming the artery to be circularly cylindrical in shape, Mishra [1] discussed characteristics of blood in stenosed arteries and the stenosis to be symmetric about the axis of the artery. Mishra and Panda [2] studied the flow of blood in stenosed arteries for Casson type fluid. Young and Tsai [3] discussed some characteristics of the flow of blood in stented arteries. The blood vessels carry blood from the heart to all the organs and tissues of the body including the brain, kidneys, gut, muscles, and the heart itself. Venkateswarlu and Rao [4] studied an assumed oscillatory form of the blood flow through an indented tube in the presence of steady single stenosis with a very simple shape. They used the so-called Einstein model for the viscosity of the blood but for variable volume
